Abstract -A program underway in the author's lab to examine the production and synthetic utility of 1 ,2-hydroxycycloalkanones and derivatives is described.
two optically active diastereomeric adducts 31 We have found these 3-hydroxysulfoximines (3) are thermally unstable and revert to the starting carbonyl compound and sulfoximine in the temperature range of 80 to 1200 C. lb The reversion is probably facilitated by the transfer of the OH proton to the sulfoximine nitrogen such that carboncarbon bond cleavage occurs with the ylide 4 as the leaving group. The ylide selfquenches by tautomerization to the starting sulfoximine (Scheme 1). One might envision the overall procedure of adduct formation and thermal release of the starting materials as a carbonyiprotection/deprotection procedure. The deprotection step is especially intriguing in that it occurs without the intervention of acid or base. The addition of optically pure 1 as the lithio reagent 2 to prochiral enones, or the diastereoface-selective addition to racemic chiral enones, results in the formation of two optically active diastereomeric adducts, e.g., 5 and 6 (Scheme 2). In such adducts we envisioned that the hydroxyl group and/or the sulfoximine nitrogen might serve to control diastereoface selectivity in addition reactions to the remaining carbon-carbon double bond. Combining this diastereoface selectivity of the addition with a subsequent thermal reversion of the sulfoximine addition would result, in effect, in enantiofacecontrolled additions to the carbon-carbon double bond of the original enone (Scheme 2).
For our first test of this concept, the Simmons-Smith cyclopropanation reaction was chosen as it has been well documented to be directed by oxygen coordination.
Treatment of the individual diastereomeric isophorone/sulfoximine adducts 7 with diiodomethane/Zn(Ag) in refluxing diethyl ether followed by thermolysis resulted in the enantiomeric cyclopropyl ketones 8 with [a] 25 + 160.6° and -164° (Scheme 3). This methodology has been applied to the synthesis of (-)-and (+)-thujopsene (9),2 ( smium tetroxide is known to form addducts reversibly with basic ligands such as pyridine and quinuclidine. We anticipated that the methylimino group of sulfoximines such as 5 and 6 would provide, by "chelation control," diastereoface selection in the osmylation of the adjacent carbon-carbon double bond. Furthermore, the "antiperiplanar" effect4 of the allylic hydroxyl group should provide a synergitic enhancement of the diastereoface selectivity. The overall result would be a novel optical activation method involving directed osmylation and thermal reversal of the sulfoximine addition to afford optically pure dihydroxycycloalkanones and the recyclable resolving agent 1. Again, the optically pure adducts of isophorone and 1 were chosen for initial study (Scheme 4).5 Treatment of the individual diastereomers in water/THF solutions containing trimethylamine N-oxide dihydrate (1.5 equiv.) with solutions of osmium tetroxide (5 mol. %)6 in THF afforded, in each case, a single triol. Desulfurization of each triol provided a material which exhibited ten resonances in the decoupled 13C NMR spectrum and four methyl singlets in the 'H NMR spectrum, consistent with the unsymmetrical structure 11. The optically active cis-hydroxylated sulfoximine adducts undergo clean thermal elimination of the sulfoximine in refluxing solvent (2-butanol, toluene, or xylene) to provide optically pure dihydroxycycloalkanones. A selection of compounds prepared by this technique is shown in Scheme 5. Of particular note are formal total syntheses of both optical isomers of the antibiotics pentenomycin I and II since Smith and co-workers7 have successfully converted racemic material to these substances. To date, attempts to extend this oxidation methodology to the preparation of enantiomerically pure acydic diol ketones have not been successful.
THE ENZYME ROUTE
The successes described above the production of optically pure dihydroxy cycloalkanones and derivatives has prompted an interest in our labs in exploring the chemistry, in general, of this class of substances particularly with respect to utilization as chiral synthons for the production of optically pure natural products. Our first efforts were directed towards the synthesis of prostanoids, particularly of the PGE class, e.g., PGE2 (12) . 0 A straight-forward triply convergent approach to the synthesis of PGE2 and related substances has been a long sought goal.8'9 The problem with this approach is that under conditions conducive to alkylation equilibration to the enolate occurs followed by elimination of the protected 4-hydroxy group (Scheme 6) to provide the undesired enone 13 as the major product.
It appeared to us that enone 14 would be an ideal substrate for this three-component coupling process. We postulated that the presence of the a-oxygen functionality constrained in the five-membered ring would suppress enolate equilibration (by a combination of charge repulsion and angle strain (double bond exo to a five-membered ring in the unfavored enolate) and alkylation would occur regiospecifically to afford the trans vicinally dialkylated product. Reductive removal of the a-oxygen group would yield the PGE structural system (Scheme 7). 
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Although the sulfoximine-based resolution sequence outlined above served us quite well, the method suffers from the inherent 50% maxim material balance problem of a resolution. We therefore sought a method for the production of (+)-14 based on asymmeric synthesis. On the basis of earlier studies on enzymatic differentiation of the acetates of meso-15," we examined a number of esterase-catalyzed hydrolyses of meso- With the production of 21a, the complete, optically pure PGE2 skeleton was in hand. It only remained to unveil PGE2 by deprotection of the diol and excision of the now superfluous oxygen at C-b. It appeared to us that this unveiling operation could be achieved in a single step by use of dissolving metal reagents (Scheme 11). product. Ester 12 has previously been converted to (-)-PGE2 by enzymatic ester hydrolysis. The 5,6-didehydro analogue (12c) of PGE2 was also synthesized in racemic form in a similar manner in 51% overall yield. '3 Two aspects of the above chemistry have captured our attention. First, the concept of using a protected (e.g., acetonide) a,-dihydroxy ketone as a surrogate for the acid and base sensitive aldol functionality during a complex molecule synthesis should be widely applicable; Second, the enone (+)-14 should be a useful synthon for the production of a variety of optically pure targets. We call the readers attention to the matters that the core of the synthon contains five carbons, each is functionallzed and differentiated in reactivity. Furthermore, the molecule is readily available, enantiomencally pure, and its envelope-shaped structure leads to complete diastereoface differentiation in many reactions.
One possibility is the production of carbocyclic nucleosides from synthon 14. A retrosynthetic analysis of the interesting, antitumor agent neplanocin A (22) as illustrated in Scheme 13. By taking advantage of the high reactivity of transition-metal-generated carbenes and the kinetics of intramolecular reactions, we reasoned that oxonium ylides (23) should be generated from appropriate substrates. A variety of synthetically intriguing pathways (simplistically shown in Scheme 14) appeared viable from such ylides.14 One pathway of special concern to us because of our interest in a,-dihydroxycycloalkanone derivatives was predicted to result in cyclobutanones. Another which has much precedent in the chemistry of other heteroatom ylides involves [2,31-sigmatropic arrangements.
When diazoketone 24 (prepared as shown in Scheme 15) was treated with rhodium(II) acetate in benzene at room temperature, a reaction ensued to yield, after -1 h, a major product 26 (68%) and a minor product 28 (16%) (Scheme 16). These products are consistent with carbenoid generation followed by capture of an oxygen of the ethylene ketal to generate an intermediate ylide which rearranges to yield 26 and 28. When substitution was introduced (e.g., 25), excellent diastereoselectivity was observed; cyclobutanone 27, with the methyl group syn to the dioxetane ring, predominated in a ratio >97:3. 
